The characterization of the spatial variation of geochemical parameters in spring waters, especially the ones used for drinking purpose, is essential to identify potential risks to humans. In this work, results of a qualitative analysis on 190 samples of spring waters collected in the largest catchment of the Calabria region (southern Italy) are shown. Several physical and chemical parameters were analysed and the Langelier-Ludwig diagram was built to evaluate the hydrochemical facies of the sampled waters. Additionally, the relationships between water temperature and altitude and electric conductivity (EC) and altitude were assessed. Geostatistical methods were used to map the physical and chemical parameters. Results showed a good quality status of the spring waters in the Crati basin, with a predominant Ca-Mg-type hydrochemical facies. Then, a connection between EC and temperature with elevation has been detected in some area of the basin. Finally, the spatial analysis allowed identifying the distribution of the concentration of the several parameters.
Introduction
Water is the most essential element for the existence of life on Earth, which is becoming increasingly precious during the last decades. In fact, water quality issues are one of the major challenges that humanity is facing in the twenty-first century considering safe drinking water the basic need for every citizen. About 80% of the diseases in the world and one-third of the deaths in the developing countries are caused by contaminated water [1] . In particular, the groundwater is the main source for drinking purposes, sanitary uses, irrigation, and industrial processes. A good management of this resource is very important especially in some areas such as the Mediterranean basin, which is located in a transition zone between North Africa (arid climate) and central Europe (temperate and rainy climate), which is affected by the interaction between midlatitude and tropical processes and which can be considered as potentially vulnerable to climatic changes [2] . In fact, groundwater quality is getting deteriorated also due to climate changes which cause low rainfall and high evapotranspiration [3] . Groundwater quality in a region largely depends on natural processes, like dissolution and precipitation of minerals, groundwater velocity, quality of recharge waters and interaction with other types of water aquifers, and weathering and catchment erosion [4, 5] , and on anthropogenic inputs including urbanization, agricultural, and industrial activities. Among the natural factors, geology of the catchment area, degree of chemical weathering of the various rock types, and inputs from sources other than water-rock interaction play a significant role in controlling the chemistry of the water [6] [7] [8] [9] . In the last decades, numerous studies have been published about major ions, trace elements, and potentially harmful elements in the water [10] [11] [12] , giving information about the possible geological and anthropogenic influences on aquifers [13] [14] [15] [16] [17] [18] [19] [20] . In fact, by analysing different physical and chemical parameters it is possible to understand the behaviour of groundwater in relation with the lithologies present in each area. High pH and
The analysis of water quality finds its roots in understanding and quantifying spatially water patterns related to geological and human setting. There is thus a need to connect the information from each spring water to better understand the complex geochemical processes at a regional scale. For this reason, geostatistical methods [24] are now an essential part of the toolbox of most water scientists, who, through the spatial autocorrelation of data that creates calculated representations of spatial correlation structures, are able to study the spatial structure of spring water parameters and map their spatial distribution. Among various geostatistical methods, kriging has been defined the "BLUE," i.e., the "Best Linear Unbiased Estimator" to regionalize a variable in an unsampled location [25, 26] . Past applications of the geostatistical techniques have provided good results in investigating the relationship between the lithological nature of the aquifer and chemical composition of spring waters at a relatively small scale [27] or detecting groundwater contamination [28] . Furthermore, other studies are trying to extend the spatial groundwater analysis at a large scale [29, 30] collecting considerable amount of data and giving a precious contribution in making decision processes about water management.
The present work is the first attempt to analyse groundwater quality at a relatively large scale in the main catchment of the Calabria region (southern Italy), i.e., the Crati river basin. This area is characterized by many spring waters, and groundwater is largely used for drinking purpose, thus representing a natural and socio-economic important resource. However, few analyses on few samples have been carried out in the past years to assess the quality and the degradation processes affecting the aquifers of the Calabria region [27, 31] .
The objectives of the present study were to (i) analyse the physicochemical parameters of spring water samples collected in the Crati river basin in Calabria, (ii) determine their spatial distribution, and (iii) define potential spatial anomalies. The study provides baseline information about water quality for the welfare of the society that may help in future water resource planning for the area.
Materials and Methods
2.1. Description of the Sampling Site. The Crati, located in the NW sector of the Calabria region, is the main basin in the region both for its extension and for its artificial lakes [32] . It has a perimeter of about 320 km and an area of 2447.7 km 2 within which a wide hydrographical network flows, including waters coming from different geological environments. The main river length is 95 km; it rises upon the Sila Massif and flows into the Ionian Sea. The average and maximum altitudes of the basin are 597 m a.s.l. and 2258 m a.s.l., respectively (Figure 1 ). The basin is L-shaped and can be divided into a N-S-oriented Crati and an E-W-oriented Sibari subbasins [33] .
The Crati basin presents a high climatic variability owing to its position in the Mediterranean area and the mountainous nature, denoting a subtropical Mediterranean climate [34] . Specifically, on the eastern sector, high temperatures and short and heavy rainfall are observed due to the warm 2 Geofluids
African air currents, while the western air current affects the western side causing milder temperatures and orographic precipitation. The annual maximum and minimum precipitation are, respectively, 2106 mm (registered on the western side of the basin) and 596 mm (on the eastern side) with an average of 1212 mm. The inner areas present colder, sometimes snowy, winters and fresher, with some precipitation, summers [35, 36] . Geologically, the Crati basin is an intra-arc tectonic depression located in the north-western part of the Calabrian Arc, which is an arc-shaped continental fragment interposed between the Sicilian Maghrebide belts, to the south, and the Apennine edifice, to the north [37] [38] [39] . In particular, the Crati basin is a graben bounded by three morpho-structural highs: the plutonic and metamorphic crystalline rocks of the Sila Massif to the east, the crystalline and sedimentary rocks of the Coastal Chain to the west and south, and the carbonate and siliciclastic sedimentary rocks of the Pollino group to the north [40] . The study area is characterized by a sequence of pliocenic sediments among which are light brown and red sands and gravels, blue grey silty clays with silt interlayers, Pleistocene to Holocene alluvial sands and gravels, and very small outcrops of Miocene carbonate rocks [41, 42] . Sedimentary covering overlapped on a Palaeozoic intrusive-metamorphic complex formed by paragneiss, biotite schists, and grey phyllitic schists (with dominant quartz, chlorite, and muscovite), which are often affected by weathering processes [43] . Due to the particular tectonic setting of the basin controlled by NS, SW-NE, and NW-SE-trending faults [44] , a great number of natural spring waters are located above the 300 m a.s.l. Most of them have a remarkable discharge and are currently used for drinking purposes.
In particular, the Sila Massif consists of three different Variscan metamorphic complexes (Gariglione, Mandatoriccio, and Bocchigliero complexes), respectively, representing high-, medium-, and low-grade metamorphic facies and of late-Variscan plutonites intruding them and forming the Sila batholith. The batholith consists of multiple intersecting, syn-and posttectonic intrusions, ranging in length from several kilometers to less than 1 km. They have heterogeneous texture and composition from gabbro to leucomonzogranite, with prevailing tonalite and granodiorite.
The Coastal Chain consists mainly of Paleozoic rocks with the presence of crystalline schists and ophiolites overlapped by layers of Triassic limestones as those found in Mt. Cocuzzo (1541 m a.s.l.), the highest peak of the Coastal Chain. In the tectonic window, the dolomites and the Triassic limestones appear in this area. These are stratified sedimentary deposits and occasionally massifs of an ancient carbonatic platform.
From the lithological point of view, the mountains of the Pollino are formed of Triassic, Jurassic, and Liassic limestone with frequent karst phenomena (caves, shelters, and sinkholes). Moreover, some areas near the coast have sandstone, clays, and Eocene marls. During the Mesozoic era, there is the formation in the marine environment of carbonate rocks, light grey and blackish dolomites and limestone. Starting from the Miocene Inferiore, during the formation of the Apennines, it is recorded, in the ophiolite unit and in the Oligo-Miocene terrigenous coverings, a compressive tectonics testified by folds and overlaps, which lead to the accumulation of Flysch.
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3 Geofluids hydrogen sulphide gas that escapes into the air. The δ 34 S values of dissolved sulphate are constrained by the mixing of thermomineral waters with cold waters, both interacting with Upper Triassic carbonate-evaporite rocks, as well as occurrence of bacterial sulphate reduction. In the light of the geological and hydrogeological framework of the study area, this chemical and isotopic evidence suggests that the thermal circuit develops entirely into the Upper Triassic sedimentary sequence. The area is characterized also by the presence of the Rock Salt Mine of Lungro, where the Sibariti and the Romans even extracted salt and traded the rock salt. In the early 1900s, the business began to decline and the government decided the closure of the mine on November 3, 1976. Since 2015, the site is subjected to recovery and restoration.
2.2. Physical-Chemical Analyses. The discharge system of the analysed spring waters has a seasonal behaviour. The aquifers' recharge occurs generally in the period September-December, when rainfall reaches its maximum intensity and the discharge value of the spring increases with a lag time of about two months [31] . For this reason, the sampling procedure was carried out in the period from February 2016 to May 2016, when generally the maximum discharges have been recorded. In particular, 190 spring water samples were collected within the study area. In order to give a global overview of the physicochemical status, for each spring point one sample was collected by using high-density polyethylene (PE-HD) clean bottles with screw caps. In situ portable apparatus including a pH meter and a conductivity meter were used to determine the physical parameters (i.e., temperature, pH, and specific EC compensated at 20°C), while approved laboratory standard methods were applied to determine the chemical parameters, such as major cations (Ca , Cl -, and HCO 3 -) [45] . Specifically, the major cations were evaluated by using AAS (Atomic-Absorption-Spectroscopy) method; sulphate, chloride, and nitrate by UV Spectrophotometry; alkalinity by acidimetric titration; and hardness by using complexometric EDTA titration. A complete analytical quality control scheme was implemented with sampling and analytical duplicates. Analytical precision was calculated by the 20% analysis (in duplicate) of randomly chosen samples and was found to be within accepted the international standards (<5%).
Langelier-Ludwig Squared Diagram.
Various diagrams have been developed over the years for visualization of water chemistry and they have been widely used by the researchers and practitioners. The first graphical technique has been proposed by [46] but, actually, the most popular diagrams are the Piper [47] and the Langelier-Ludwig square diagrams [48] which have been largely applied [49] [50] [51] [52] . In particular, Langelier and Ludwig proposed a diagram in which rectangular coordinates are used representing patterns and correlations between major cations and anions for multiple samples, thus allowing to separate between Ca from Mg facies and Cl from SO 4 facies. More precisely, the so- 2.4. Geostatistical Analysis. Spatial continuous data play a significant role in planning, risk assessment, and decisionmaking in environmental management [54] . Consequently, the mapping and spatial analysis requires converting the field measurements into continuous space. Thus, the values of an attribute at unsampled points need to be estimated, meaning that spatial interpolation from point data to spatial continuous data is necessary. The main application of geostatistics [55] to environmental sciences is the estimation and mapping of environmental matrix attributes in unsampled areas [56] . Geostatistics includes several methods that use kriging algorithms for estimating continuous attributes. For a detailed presentation of the theory of random functions, interested readers should refer to textbooks such as [25, [57] [58] [59] [60] , among others.
Before mapping and spatially interpreting the water physicochemical parameter concentration analysed, a log transformation was applied on the data, according to the assumption of decreasing data variability and allowing the data to conform more closely to normal distribution. In this way, the validity of the associated statistical analyses increases and the best data interpolation is provided. The log transformation is the most popular among the different types of transformations used to transform skewed data into approximately normal distributed data.
The level of spatial correlation is defined by the construction of the variogram and by the evaluation of the committed error. Experimental variogram is a plot showing how half of the squared differences between the sampled values (semivariance) changes with the distance between the point-pairs. It is typically expected to see smaller semivariances at shorter distances and then a stable semivariance (equal to global variance) at longer distances. It can be expressed as
where γ h is the semivariance at a given distance h, Z x i is the value of variable Z at x i location, and N h is the number of pairs of sample points separated by the lag distance h.
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Kriging is an optimal interpolator offering a minimum error variance. To estimate the variogram value analytically for any distance h, a theoretical function is fitted to the experimental variogram. The fitted variogram model allows building a model that captures the major spatial features of the attribute under study (water physicochemical parameter concentration in this study). The optimal model fitting will be chosen based on cross-validation, which checks the compatibility between the data and the structural model considering each data point in turn, removing it temporarily from the data set and using its neighbouring information to predict the value of the variable at its location [61] . The goodness of fit was evaluated by the mean error (ME) and the Mean Squared Deviation Ratio (MSDR). The difference between the measured and estimated values, represented by ME, proves the unbiasedness of estimate if its value should be close to 0, while the ratio between the squared errors and the kriging variance [26] , represented by MSDR, should be 1 if the model for the variogram is accurate. In the present application for each subarea and for each analysed chemical parameter, four different semivariogram models (spherical, circular, exponential, and Gaussian) were applied and the one which provided the minor mean error (ME) was chosen as the best model. The fitted variogram was used to estimate water physicochemical parameters at unsampled locations using ordinary kriging. It aims to estimate a value of the random variable Z x at a point of a region x 0 for which a variogram is known, using data in the neighbourhood Z x α of the estimation location as
where λ α is the ordinary kriging weights and n x 0 is the number of data closest to the location x 0 to be estimated. In particular, λ α values must be evaluated in order to obtain an unbiased estimation and to minimize the variance. Simulations are then run on normally distributed data, and the results are back-transformed. Back-transformation of each (co)kriging result was carried out by exponentiation to reverse
where Z x 0 is the measured value at location x 0 . This back-transformation provides a prediction for water physicochemical parameters expressed in original units. All statistical and geostatistical analyses were performed by using the software package using cc.
Results and Discussion
Due to its extension, as well as to its geomorphological and hydrogeological properties, the investigated area was split into 5 subareas (Figure 1 ): (a) Pollino Massif, (b) Coastal Chain, (c) Mt. Cocuzzo, (d) Serre Area, and (e) Sila Massif, whose sampled waters showed different hydrochemical behaviour. In particular, the Mt. Cocuzzo area has been considered because of its calcareous nature, clearly different from the surroundings. The Serre Area has been also identified as an independent unit much more similar to a merging point between the organogenic limestones of the Mt. Cocuzzo unit, the sands and conglomerates of the graben of the Crati valley, and the granitic acid units of the Sila Massif. Basic statistics for physicochemical parameters of spring waters sampled are reported in Table 1 .
Some of the following analyses have been previously presented in Gaglioti et al. [62] but for a smaller number of sampled points.
3.1. Langelier-Ludwig Squared Diagram. As a result of the physical and chemical analysis of the 190 sampled points, the Langelier-Ludwig diagram, shown in Figure 2 , was obtained. The majority of the sampled spring waters falls within the first sector and the fourth sector of the diagram, corresponding to bicarbonate alkaline-earth waters and chloride-sulphate alkaline-earth waters, respectively. This result reflects very well the global lithological environment of the study area, which is mainly constituted of 3 -ion concentration in water) and intrusive magmatic or metamorphic rocks (providing high SO 4 2-, Cl -ion concentration in water). In particular, considering the Pollino Massif, the highest number of the samples has been identified in the fourth sector, due to hard waters particularly rich in bicarbonates, calcium, and magnesium. Moreover, these samples can be divided in two different groups, the first one very close to the lower right vertex representative of springs having low elevation, while the second group, bordering on the first sector, represents springs less conductive and thus with low mineralisation, with much more high elevation. The Coastal Chain sampled waters fall also within the fourth sector. Their position within the diagram is a little higher than those of the Pollino Massif and shows a casual distribution representative of the chemical and physical characteristic variability imputable to a mixing effect between different water types [31] . Usually, the groundwater flowing in strongly faulted areas has this behaviour [63] . In the Mt. Cocuzzo area, the results showed homogeneously grouped samples localized in the fourth sector. The lithology of this area, defined as a tectonic window, is very similar to those of the Pollino Massif, with the same calcareous origin and similar hydrochemistry. In fact, results of the analysed samples evidenced waters coming from deep aquifer, with high levels of calcium and magnesium and high alkalinity and pH values. These values are typical in carbonate aquifers. Only few spring waters differ from the others showing high sulphate content, evidencing a good correspondence with the chalky bedrock, which can be found in a very restricted area of Mt. Cocuzzo. As regards the Serre Area, the physical and chemical parameters of the sampled spring waters showed a peculiar behaviour, which differs from the neighbouring basic water of Mt. Cocuzzo and the acid ones found in the Sila Massif. Unfortunately, few numbers of sampled points did not allow getting further conclusions. Finally, from the analysis of points of the Sila Massif the water samples are located in the first sector and the fourth sector of the LL diagram, where water rich in sodium and potassium and, at the same time, poor in calcium, magnesium, and alkalinity is represented. Flowing into acid intrusive magmatic or plutonic rocks, this aquifer provides to make the water particularly acid.
Relationship between Spring Water Conductivity and
Elevation. Figure 3 shows the results of the comparison between EC and altitude. This analysis allows putting in evidence some aquifer behaviour and to detect their interaction with some external factors.
For the Pollino Massif area, an almost homogeneous behaviour was identified, thus evidencing no significant trends in the diagram. In fact, limestones and dolostones make water more conductive but the depth of the aquifers, flowing in a system through rocks affected by karst phenomena, does not allow a remarkable interaction with external precipitation. 
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In the Coastal Chain, a slight downward behaviour of the conductivity with the elevation was detected. Moreover, three different spring water groups, which should be individually studied, were identified, probably due to the presence of several aquifers at different depths.
The maximum conductivity value in all the study area (1185 μS/cm) has been detected in the Mt. Cocuzzo area, which evidenced a high variability of the conductivity with the elevation. Moreover, in this area, given the different conductivity values, two distinct spring water groups can be clearly identified. In particular, the group with high conductivity values is located on a sulphurous-chalk lithological bedrock.
In the Serre Area, no relation between spring water conductivity and elevation was evidenced.
The most interesting results have been detected in the Sila Massif, which is the area with the highest spring water altitude (1674 m a.s.l.). In fact, in this area, the lowest conductivity value (45 μS/cm) was found, thus revealing the possible presence of shallow aquifers usually influenced by rainfall [64] and infiltration into the soil. Moreover, the increase of water mineralization with altitude is strongly dependent on water-rock interaction and over time the contact. In fact, waters that infiltrate in altitude have a long route inside the aquifer (emerging at lower levels) with a consequent increase of the amount of dissolved salts transported in solution which leads to high conductive values in the spring waters at the lowest altitude. These results suggest that high-elevation springs have low solute concentration similar to those of precipitation. By contrast, due to a long time contact, lower-elevation springs are geochemically more evolved than the high-elevation springs [65] .
Relationship between Spring Water Temperature and
Elevation. By a visual inspection of diagrams, comparing temperature and elevation of the spring waters (Figure 4) , further information can be derived. In fact, temperature can be used as a tracer of hydrologic and flowing processes for natural spring waters. Moreover, measuring the temperature accurately in field is easy, quick, and inexpensive and it also provides an insight of the subsurface geological processes. Many factors influence the spring water temperature, such as the period of the survey, the latitude, and the elevation, although the influence of the elevation is strictly dependent from the depth of the aquifer. Air temperature, solar radiation, and geothermal gradient can be considered other influencing factors on spring water temperature [66] .
In the Pollino Massif and Mt. Cocuzzo areas, the sampled spring waters showed a certain homogeneity of temperature variation with the altitude, with a thermal gradient of -0.0018 and -0.0020°C/m, respectively. These features are clear sign of aquifers, which are slightly affected by the outside temperature and which, in function of their depth, maintain a certain temperature regularity evident at the spring.
Conversely, the other areas evidenced a marked reduction of the spring water temperature with elevation, thus 8 Geofluids denoting superficial aquifers in which water temperature is affected by air temperature. In these areas three different spring water thermal gradients with the altitude were detected, -0.0056, -0.0067, and -0.0052°C/m, respectively, which are quite similar to the annual average atmospheric gradient of the Crati valley of about -0.0068°C/m [67] .
Maps of Physicochemical Parameter Spatial Distribution.
To fit the shape of the experimental variogram, for each analysed parameter, four basic structures were tested including a Circular model (Cir), a Spherical model (Sph), an Exponential model (Exp), and a Gaussian model (Gau). Figure 5 shows (as an example) the variogram for calcium values in the spring waters of Mt. Cocuzzo. The goodness of fit was checked by cross-validation and the results were quite satisfactory because the statistics used, i.e., mean of the raw estimation errors, were close to 0, while the variance of the standardized error was close to 1 (Table 2) . Consequently, the best model, obtained comparing the results of ME and MSDR, was chosen to map the distribution of physicochemical parameters.
In order to obtain an instant evaluation of the main hydrogeochemical characteristics of the Crati river basin, ten thematic maps were produced, each representing the spatial distribution of the different chemical and physical parameters, making easy the identification of maximum and minimum values within the five subareas (Figures 6-8) .
The maps were obtained using the ordinary kriging technique. Considering the particular distribution of the spring points, placed on average above a certain altitude, it was chosen to represent the spatial distribution maps by setting the computation process above 300 m a.s.l. The results were represented using the digital terrain model in background.
The Ca 2+ ion is one of the most important constituents of groundwater ( Figure 6 ). In the distribution map, the higher calcium concentrations are indicated with the most intense colours while lighter colours show areas with less concentration. By a first observation, it can be noticed that the major concentrations were found on the Pollino Massif and Mt. Cocuzzo area (in this latter case in a strictly circumscribed area); in both cases, the results agree well with the lithologic formations present, mostly of calcareous-dolomite type. On the Coastal Chain, a progressive calcium enrichment is observed, descending along the east side of the mountains, while the concentrations remain very low on the Sila Massif, both in agreement with the local geology.
The distribution map of the magnesium shows high concentrations in the northern area of the basin, where from a geological point of view, there are dolomites or rocks particularly rich in magnesium salts. On the other areas, concentrations are kept lower, ranging from 5 to 20 mg/l ( Figure 6 ).
Observing the distribution of sodium is possible to find a particular enrichment in the Sila Massif, moving northward, whereas more restricted areas have been located in the Mt. Cocuzzo area and on the Pollino Massif where some salt mine were historically present ( Figure 6 ).
The distribution of potassium remains fairly homogeneous throughout the basin except for the Coastal Chain where a general enrichment was recorded, descending along the slope. This behaviour is attributable to the lithological variation of the area where an important very active fault system persists that causes a "mixing" effect between waters in contact with lithologies of different nature. Also in the Serre Area, where an ancient lake basin laid, high potassium concentration was found ( Figure 6 ).
The map of the chlorides shows the smallest concentrations on the highest altitudes of the investigated areas and gradually enriching downstream into the basin, most likely due to the different atmospheric depositions that insist on the study area. The highest concentrations were found in the Coastal Chain most likely for the residual contributions resulting from the orographic rainfall, which transport some sea aerosols, and from water-rock interaction along groundwater path (Figure 7) .
Sulphate ion can be instead attributed to different origins. An exogenous nature attributable, for example, to the transport by atmospheric deposition and marine aerosols (obviously in areas near the sea) can be considered as well as in most of the cases in the present study, endogenous one. Moreover, sulphate ion can come from the dissolution of gypsum and anhydrite as in the case of the Pollino Massif, or anthropogenic input when it is together with NO 3 , or due to the presence of ancient sulphur spring waters as found in the Mt. Cocuzzo area (Figure 7) .
The nitrate distribution aroused a particular interest: this parameter is often indicative of the presence of intense 9 Geofluids anthropic activities, in particular farming and breeding activity, which are widespread on the Pollino Massif and Sila Massif areas. In that latter case, it has to be underlined the subsequent reforestations since the postwar period and the related cleaning and maintenance activities of the woods that have deprived the subsoil of that organic substrate necessary for denitrifying bacterial colonies (Figure 7) .
Alkalinity shows high concentrations in those areas where carbonatic rocks occur, such as Pollino Massif with a quite homogeneous distribution and Mt. Cocuzzo area, where high alkalinity levels were detected in a certain localized area. The very low interaction was confirmed, in terms of carbonates and bicarbonates dissolved, for crystalline and siliceous rocks localized on the Sila Massif ( Figure 7) .
The map of hardness distribution, here expressed in French degrees (1°F = 10 mg/l = 10 mg kg −1 ), that is the sum of the calcium and magnesium hardness, still highlights the presence of very hard waters between the Pollino Massif and the Mt. Cocuzzo area with maximum values of 50°F for waters flowing into limestone, dolostone, and evaporitic rocks. While on the Coastal Chain and the Sila Massif the results showed the presence of soft water, mostly coming from igneous and siliceous rocks (Figure 8 ).
The last map (Figure 8 ) represents the distribution of EC, the physical parameter that synthesizes the sum of all ionic species dissolved in the water. Specifically, it is currently used in geochemistry as an indicator of the level of the so-called "maturity" of groundwaters and their flow direction. The samples with higher conductivity were found on the Pollino Massif and Mt. Cocuzzo area (849 μS/cm and 1185 μS/cm, respectively) demonstrating the presence of deep aquifers with a long-time contact with carbonatic rocks. In the Coastal Chain, a progressive enrichment was detected descending along the slope towards the east side of the basin. Relatively less conductive waters were found in the remaining areas where shallow aquifers are assumed to be present with a lower interaction with the rock substrate.
Conclusions
The present study is an attempt in the Crati river basin for the evaluation of the water quality of some spring waters, largely used for drinking purposes by the population. The investigation was carried out by analysing 190 spring waters all localized above 300 m a.s.l., allowing a first classification of the hydrochemical facies of the aquifers from which the same springs rise. In particular, following a preliminary analysis based on the geological characteristics of the Crati basin, the entire study area was divided into five subareas (Pollino Massif, Coastal Chain, Mt. Cocuzzo, Serre Area, and Sila Massif). 
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As a result, the most representative water types are the bicarbonate alkaline-earth and the chloride-sulphate alkaline-earth, and only in few cases, chloride-sulphate alkaline type occur. Furthermore, the occurrence of the bicarbonate alkaline-earth water types is recorded at the highest elevations, very close to the basin borders. In particular, on the Pollino Massif and in the Mt. Cocuzzo area, very hard and alkaline waters with high conductivity and low acidity have been found. Moreover, low floating temperature values have been detected, thus evidencing waters circulating into deep calcareous aquifers having long-time contact with limestone, dolostone, and evaporitic rocks. In the Coastal Chain, a much variable behaviour in terms of dissolved salt content, conductivity, and pH levels was detected. This is probably due to the lithologic heterogeneity of the area and the presence of an important active fault system, which allows contact between lithological units with different chemical-physical characteristics. In the Sila Massif, a more homogeneous behaviour was observed, with softer water, low pH values, and low conductivity and temperature values that show a substantial downward trend as the altitude increases. These characteristics are typical of relatively shallow waters, coming from intrusive aquifers such as the granitoids and siliceous formations typical of the area.
From the observation of the distribution maps, some issues have been highlighted: (i) In the Mt. Cocuzzo area, there is a group of spring waters showing high concentrations for almost all the investigated parameters, probably due to the process of dissolution occurring in the presence of a sulphurous-chalk lithological bedrock
(ii) In the Sila Massif, a general enrichment of the dissolved salts moving towards the north-eastern areas has been identified. An exception has been represented by nitrates, which showed high concentrations. These results are mainly due to the agriculture and the breeding activities in the area and secondly to the massive reforestation made after the Second World War and the subsequent seasonal maintenance which did not allow the natural supplying of organic substrate necessary for denitrifying bacterial colonies 
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